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Abstract

Background: The primary objective of this study was to
compare sevoflurane inhalation anesthesia with total intra-
venous anesthesia (TIVA) in terms of its effectiveness in
maintaining adequate depth of anesthesia during all open
heart surgery procedures, including cardiopulmonary by-
pass. The study’s secondary objective was to compare
sevoflurane inhalation anesthesia with TIVA regarding the
impact on the time of tracheal extubation and the incidence
of postoperative acute kidney injury during open heart surg-
eries. Methods: A total of 58 patients undergoing open
heart surgery were included, with 30 receiving sevoflurane
inhalation anesthesia and 28 receiving TIVA. Demographic
characteristics, intraoperative parameters, and postopera-
tive outcomes were recorded and analyzed. Statistical anal-
ysis revealed no significant differences in Bispectral Index
(BIS) monitor values, mean arterial pressure, body temper-
ature, or other intraoperative parameters between the two
groups. Notably, the time to tracheal extubation was sig-
nificantly shorter in the Sevoflurane group compared to the
TIVA group, although both groups exhibited similar rates
of postoperative acute kidney injury (AKI). Results: None
of the patients had complaints of intraoperative awareness.
The mean arterial pressure, body temperature, and bispec-
tral index values during and before cardiopulmonary bypass
were similar between the groups. Postoperative variables
such as intensive care unit stay duration, incidence of acute
kidney injury, and immediate and 24-hour post-extubation
visual analog scale values were similar between the groups.
The tracheal extubation time was found to be statistically
shorter in the sevoflurane group. Conclusion: We believe
that sevoflurane inhalation anesthesia can achieve adequate
depth of anesthesia during the intraoperative period in open
heart surgery without increasing the rate of postoperative
complications.
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Introduction

While technological advancements in open heart
surgery have progressed, the optimal anesthesia manage-
ment for patients undergoing this procedure remains to be
precisely defined. In anesthesia management for open heart
surgeries, intravascular anesthetic agents are used alone or
in combination with volatile anesthetic agents [1,2]. Total
intravenous anesthesia (TIVA) and volatile anesthesia are
two primary anesthesia management approaches adopted
for patients undergoing open heart surgery. The compar-
ison of these anesthesia methods primarily focuses on their
cardioprotective effectiveness. Only a limited number of
studies have compared Volatile anesthesia and TIVA based
on factors such as the maintenance of anesthesia depth, time
of tracheal extubation, and the occurrence of postoperative
acute kidney injury (AKI). Different studies have reported
diverse outcomes addressing these matters [3–5].

A meta-analysis indicated that applying volatile anes-
thesia or TIVA in open heart surgery does not cause a signif-
icant effect on the time of tracheal extubation [5]. In con-
trast, a prospective randomized study comparing desflurane
inhalation anesthesia with TIVA in patients undergoing aor-
tic valve replacement (AVR) surgery reported that the time
to tracheal extubation was shorter in patients receiving des-
flurane inhalation anesthesia compared to the TIVA group
[3].

The primary objective of this study is to compare
sevoflurane inhalation anesthesia with TIVA in terms of
its effectiveness in maintaining adequate depth of anesthe-
sia during all open heart surgery procedures, including car-
diopulmonary bypass. The study’s secondary objective is to
compare sevoflurane inhalation anesthesia with TIVA re-
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garding the impact on the time of tracheal extubation and
the incidence of postoperative AKI during open heart surg-
eries.

Materials and Methods

Following the ethics committee approval (Derince
Training and Research Hospital Ethics Committee: 2021-
3), we retrospectively analyzed the files of patients who
underwent open heart surgery at our hospital’s operating
rooms between 1 September 2019, and 1 April 2020. The
study included 72 patients aged between 18 and 75 who un-
derwent open heart surgery, with intraoperative anesthesia
management and postoperative intensive care monitoring
conducted by the same team and for whomBispectral Index
(BIS) monitoring was applied. Of all patients whose files
were screened, eight patients with a left ventricular ejection
fraction (LVEF) below 40%, four patients with moderate
to severe restrictive lung disease, and two patients requir-
ing emergency surgery were excluded from the study. The
remaining patients were divided into two groups based on
the methods employed for anesthesia maintenance. Thirty
patients for whom anesthesia maintenance was achieved
with sevoflurane at every stage of the surgery, including
the cardiopulmonary bypass (CPB) period, were classified
as the Sevoflurane group. Twenty-eight patients for whom
anesthesia was maintained with total intravenous anesthe-
sia (TIVA) throughout the procedure were classified as the
TIVA group (Fig. 1).

Demographic characteristics, laboratory results, ex-
isting chronic illnesses, and medications received were
recorded for each patient during the screening of their files.
Similarly, the information on the anesthesia monitoring
form, including electrocardiography (ECG), mean arterial
pressure (MAP), urine output, and BIS values were doc-
umented for all patients. Additionally, the CBP duration,
cross-clamp duration, inotropic agents used, amounts of
blood products administered, and the number of defibrilla-
tions applied after cross-clamp removal were recorded for
all patients.

Information including time of extubation, drainage
amounts, quantities of blood products used, and kidney
function values on the third day were recorded for all pa-
tients from the intensive care monitoring forms. Patients
with a 1.5-fold increase in creatinine values on the postop-
erative third day compared to preoperative creatinine val-
ues were classified as positive for AKI based on the Risk,
Injury, Failure, Loss, End-Stage Kidney Disease (RIFLE)
criteria [6].

Anesthesia Method

All patients included in the study received 1 mg/kg
lidocaine (Jetmonal 2%, Adeka drug, Istanbul, Turkey) be-

fore anesthesia induction to prevent the hemodynamic re-
sponse secondary to direct laryngoscopy. No other premed-
ication was administered to the patients.

The following data were provided for all patients; In-
vasive and non-invasive blood pressure (NIBP), heart rate
by ECG, peripheral Pulse oximetry (SpO2) and Bispectral
Index monitoring were performed. A BIS Quatro Sensor
(Aspect Medical Systems, Newton, MA, USA) was applied
to the forehead of each patient for depth of anesthesia mea-
surement. Invasive blood pressure monitoring was initiated
with radial artery cannulation before anesthesia induction.
After induction of anesthesia, the patient’s core tempera-
ture was monitored with a thermocouple temperature probe
inserted into the esophagus.

After anesthesia induction; In the Sevoflurane group,
adequate depth of anesthesia was achieved by adjusting
the maintenance of anesthesia sevoflurane (Sevorane, Ab-
bvie Turkey, Istanbul, Turkey) concentration to reach the
target BIS value of 40. Patients in this group were also
given analgesic doses of fentanyl (2 mcg/kg) (Fentanyl-
Pf 100 mcg/2 mL, Polifarma, Kirklareli, Turkey) every
60 minutes. In the TIVA group, infusion was provided
with a manually adjusted infusion pump after the induction
rate. The depth of anesthesia was maintained using propo-
fol (2–6 mg/kg/hour) (Propofol-Pf 1% 200 mg/20 mL,
Polifarma, Kirklareli, Turkey) and remifentanil (0.08–0.2
mcg/kg/minute) (Ultiva 2 mg, Vld Drug, Istanbul, Turkey)
infusions to achieve a BIS value 40.

All patients’ pupil diameters were checked at regular
intervals after anesthesia induction. In cases of a relative
increase in pupil diameter, even if there was no increase in
BIS value, the concentration of sevoflurane in the Sevoflu-
rane group and the infusion rates of propofol and remifen-
tanil in the TIVA group were increased.

For postoperative analgesia, all patients were admin-
istered intravenous tramadol (100 mg) (Contramal 100
mg/2 mL, Abdi Ibrahim, Istanbul, Turkey) and paraceta-
mol (1000 mg) (Parol 10 mg/mL, Atabay, Kocaeli, Turkey)
in repeated doses. The postoperative pain levels of pa-
tients were assessed using the Visual Analog Scale (VAS)
immediately after extubation and at 24 hours. Postopera-
tive pain treatment in the study patients was provided with
tramadol and paracetamol treatment according to the VAS
score. Fluid therapy was routinely planned with 100 mL/hr
balanced crystalloids, and individual decisions were made
regarding discharge procedures.

CPB Method

All surgical procedures were conducted by the same
surgical team per a standardized approach. A Terumo roller
pump (Terumo Advanced Perfusion System 1, Terumo
BCT Tıbbi Cihazlar, Istanbul, Turkey) and membrane oxy-
genators (Dideco Compactflo Evo oxygenator, Sorin Group
Italia, Mirandola, Italy) were utilized. Mild to moderate
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Fig. 1. Flow chart.

systemic hypothermia, maintained at a temperature range
of 28–32 °C, and a continuous (non-pulsatile) pump flow
of 2.2–2.4 L/m2 were employed throughout the operations.

After the placement of the aortic cross-clamp, 1000
mL of blood cardioplegia (20 meq potassium chloride +
10 cc sodium bicarbonate + 10 cc 15% magnesium sul-
fate) (Potassium Cloride 7, 5%10 Ml, Menarini, Istanbul,
Turkey) (Sodyum Bikarbonat 8, 4%, Farmalas, Istanbul,
Turkey) was administered through the antegrade cardio-
plegia cannula. In isolated coronary artery bypass graft
surgery (CABG) patients, 500 mL blood cardioplegia (10
meq potassium chloride + 5 mL sodium bicarbonate + 5
mL 15% magnesium sulfate) was repeated after each dis-
tal anastomosis and every 20 minutes in valve patients.
To prevent ventricular fibrillation observed after the aortic
cross-clamp removal, 5 mL of 2% lidocaine (Jetmonal 2%
, Adeka drug, Istanbul, Turkey) and 10 mL of 15% magne-

sium sulfate Magnezyum Sulfat %15, Biofarma, Istanbul,
Turkey) were administered prophylactically before the aor-
tic cross-clamp removal.

During CPB, the mean perfusion pressure (MPP) was
maintained in the 60 to 90 mmHg range. A bolus dose
of noradrenaline was administered in case of a fall below
60 mmHg. When MPP exceeded 90 mmHg, despite no
increase in BIS value, the infusion rate of propofol and
remifentanil in the TIVA group and the sevoflurane con-
centration in the Sevoflurane group were increased. The
acid-base balance was maintained at physiological levels
(pH 7.35 to 7.45), where sodium bicarbonate was used if
needed.

Before CPB, heparin (300–400 units/kilogram) (Hep-
arin Sodyum, Vem Ilac, Istanbul, Turkey) was administered
tomaintain the activated clotting time (ACT) value between
480 and 600. During CPB, ACT was checked at regular
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intervals. When the ACT value fell below 480, additional
heparin was administered through the heart-lung pump. Af-
ter CPB, protamine was used as a heparin antagonist to re-
duce the ACT value to 130.

Statistical Analysis

Data obtained from the study were analyzed using
IBM SPSS Statistics 22 (IBM Corp., Armonk, NY, USA).
To compare the numerical data, an independent samples
t-test was used for the nominal spread, and the Mann-
Whitney U test was used for the non-nominal spread. A
chi-squared test was used to analyze the discrete variables.
The results were within the 95% confidence interval, and a
p-value of <0.05 was considered be significant.

We determined the study’s sample size based on a pi-
lot study that included 10 patients [7]. It was determined
that 17 patients in each group would be adequate for the
sample size with an 80% power (α = 0.05, β = 0.2, and
a confidence interval of 95%). As a result, the study was
completed with 30 patients in the Sevoflurane group and
28 in the TIVA group. The Minitab program (Minitab, In-
ova Software, Ankara, Turkey) was used with the Power
and Sample Size test, incorporating average and standard
deviation parameters for determining the sample size.

Results

In this study, data from a total of 58 patients were an-
alyzed, with 30 in Group 1 and 28 in Group 2. The aver-
age age of all patients participating in our study was 62.2,
with a minimum of 33 and a maximum of 76. The most
common comorbidities in the patients participating in the
study were smoking with 48.2%, diabetes mellitus (DM)
with 46.5%, and hypertension (HT) with 44.8%. Statistical
analysis demonstrated a significant similarity between the
groups concerning age, gender, LVEF, height, weight, and
body mass index. Additionally, a statistically significant
similarity was observed between the groups regarding the
incidence of DM and HT, as well as smoking and alcohol
habits (p > 0.05; Table 1).

In the study, the groups’ mean arterial pressure, body
temperature, and BIS values were compared before and dur-
ing CPB. A statistically significant similarity was found be-
tween the groups in terms of mean arterial pressure values
before and during CPB. Furthermore, there was a statisti-
cally significant similarity between the groups in terms of
body temperatures before and during CPB. The groups also
had a statistically significant similarity regarding their BIS
values before and during CPB (Table 2).

The study also compared the groups in terms of in-
traoperative variables. The distribution of surgical pro-
cedure types among the groups was statistically similar.
There was a statistical similarity between the groups re-
garding total anesthesia duration, CPB duration, cross-

clamp time, amount of blood products used, and the num-
ber of defibrillations after cross-clamp. Additionally, the
amount of ephedrine or norepinephrine administered as bo-
lus, the need for inotropic support for pump weaning, and
the amount of urine during the pump were observed to be
statistically similar between the groups (p> 0.05; Table 3).

The study compared the groups in terms of postoper-
ative variables. None of the patients had complaints of in-
traoperative awareness. The time to extubation in sevoflu-
rane group was found to be statiscally shorter. However,
the length of stay in the intensive care unit was below 3
days in both groups and was statistically similar. VAS val-
ues immediately after extubation and at 24 hours, drainage
amount, and postoperative blood product use were found to
be statistically significantly similar between the groups (p
> 0.05; Table 4).

The renal functions of the patients were evaluated pre-
operatively and on the third postoperative day. Creatinine
values measured preoperatively and on the postoperative
third-day, creatinine were statistically similar between the
groups. AKI was observed in 3 patients in the Sevoflurane
group, whereas no patients in the TIVA group experienced
AKI. However, the rate of AKI between the groups was sta-
tistically similar (p> 0.05; Table 5). There was no need for
continuous renal replacement therapy in the three patients
who developed AKI. The pre-discharge medical approach
provided adequate recovery in these patients.

Discussion

In our study comparing sevoflurane inhalation anes-
thesia with TIVA during open heart surgery, we found sim-
ilar BIS, body temperature, and MAP values at every stage
of the operation in both groups (Table 2). The anesthesia
duration, CPB duration, cross-clamp duration, need for in-
otropic support after pump weaning, bolus noradrenaline
use, pump urine output, amount of blood products used in-
traoperatively, and the number of defibrillations applied af-
ter cross-clamp removal were found to be similar between
the two groups (Table 3). There was no difference between
the two groups in terms of the length of stay in the inten-
sive care unit, the amount of blood product used postop-
eratively, drainage amount, and VAS values at extubation
and 24 hours. However, the time to tracheal extubation was
significantly shorter in the Sevoflurane group compared to
the TIVA group (Table 4). Additionally, creatinine values
and the incidence rate of AKI were similar between the two
groups (Table 5).

Several studies in the literature compare volatile anes-
thesia with TIVA in open-heart surgery [2,3]. These stud-
ies primarily focus on cardioprotective efficacy [3,5]. Only
a limited number of studies have specifically compared
volatile anesthesia with TIVA in terms of maintaining anes-
thesia depth, tracheal extubation time, and postoperative
AKI [8]. When the literature is examined and compared
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Table 1. Comparison of demographic data of groups.
Group Sevoflurane (n = 30) Group TIVA (n = 28) p

Age (y) 63.67 ± 9.43 60.75 ± 8.19 0.096

Gender
Female 6 (20.0%) 6 (21.4%)

0.893
Male 24 (80.0%) 22 (78.6%)

Left ventricular EF (%) 54.67 ± 7.65 53.93 ± 8.54 0.787
Height (cm) 167.30 ± 8.58 171.21 ± 8.20 0.082
Weight (kg) 76.27 ± 14.47 83.07 ± 12.70 0.063
BMI 27.13 ± 4.29 28.42 ± 4.46 0.267
DM (+) 15 (50.0%) 12 (42.9%) 0.586
HT (+) 13 (43.3%) 13 (46.4%) 0.813
Smoking (+) 13 (43.3%) 15 (53.6%) 0.436
Alcohol (+) 4 (13.3%) 3 (10.7%) 0.760
TIVA, Total intravenous anesthesia; EF, Ejection fraction; BMI, Body mass index; DM, Diabetes
mellitus; HT, Hypertension. +: presence of this parameter.

Table 2. Main clinical variables before and during CPB (Average of all time points before and during CPB).
Group Sevoflurane (n = 30) Group TIVA (n = 28) p

Before CPB mean arterial pressure (mmHg) 67.10 ± 7.69 64.97 ± 8.35 0.317
During CPB mean arterial pressure (mmHg) 59.89 ± 7.25 58.23 ± 5.28 0.328
Before CPB temperature (°C) 35.63 ± 0.51 35.71 ± 0.46 0.447
During CPB temperature (°C) 31.55 ± 1.08 32.16 ± 57.51 0.575
Before CPB BIS 37.43 ± 4.97 39.21 ± 3,95 0.137
During CPB BIS 35.76 ± 4.86 36.33 ± 4.72 0.730
CPB, Cardio pulmonary bypass; TIVA, Total intravenous anesthesia; BIS, Bispectral index.

with our study, it is a new finding that the use of sevoflurane
during heart-lung pump significantly shortens the postoper-
ative extubation time compared to TIVA.

BIS monitoring is commonly used for tracking the
depth of anesthesia in open-heart surgery. The BIS (BIS™,
Medtronic, Inc., Minneapolis, MN, USA) is a widely used
processed electroencephalogrammonitor for estimating the
hypnotic level during anesthesia [9,10]. The target is to
maintain the BIS value in the range of 40 to 60 for adequate
depth of anesthesia [11,12].

There are various opinions regarding the use of BIS
in open heart surgery. It is reported in a review that clini-
cal conditions such as hypothermia, acid-base imbalances,
electrolyte abnormalities, hypovolemia, and low cardiac
output during open heart surgerymay lead to changes in BIS
values independent of the depth of anesthesia [13,14]. Nev-
ertheless, using BIS during open heart surgery is strongly
recommended [13]. In a study by Bartholmes et al. [15] in-
volving 57 patients undergoing open heart surgery, the BIS
value was targeted to be kept below 50, and the average
BIS value was found to be 43. In that study, none of the pa-
tients experienced intraoperative awareness. Based on the
results reported by Bartholmes et al. [15], we thought that
BIS monitoring could be used during open heart surgery;
however, due to specific conditions inherent to open heart
surgery, such as hypothermia, acid-base imbalances, elec-
trolyte abnormalities, hypovolemia, and low cardiac output,

the target BIS value should be reduced. For this reason, in
our study, we set the target BIS value at 40.

In our study, which primarily aimed to evaluate the
effectiveness of sevoflurane inhalation anesthesia and TIVA
in achieving adequate depth of anesthesia during open heart
surgery, the BIS values of patients in the Sevoflurane group
and TIVA group were statistically similar; both below 40,
both before and during the operation of the pump. In our
study, there was no report of intraoperative awareness from
any of the patients.

We interpreted these results to suggest that inhalation
anesthesia with sevoflurane in open heart surgery has simi-
lar effectiveness in achieving adequate depth of anesthesia
as TIVA and that targeting an average BIS value of 40 can
prevent intraoperative awareness.

We believe that the ideal anesthesia management for
open heart surgery is expected to result in a shorter time
to tracheal extubation and a brief stay in the intensive care
unit without causing an increase in potential complications
in the postoperative period. Early tracheal extubation is
also the most crucial step in fast-track cardiac care, which
is widely implemented due to its aim to shorten the duration
of intensive care and hospital stay, besides its numerous ad-
vantages [16–20].

There is no consensus on the impact of volatile anes-
thetic agents versus TIVA on tracheal extubation time in
open heart surgery [3–5,21].
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Table 3. Comparison of intraoperative variables of the groups.
Group Sevoflurane (n = 30) Group TIVA (n = 28) p

Operation type

CABG 28 (93.3%) 22 (78.6%)

0.407
AVR 1 (3.3%) 2 (7.1%)
MVR 0 (0.0%) 1 (3.6%)
CABG + AVR 1 (3.3%) 1 (3.6%)
CABG + MVR 0 (0.0%) 2 (7.1%)

Anesthesia duration (m) 311.63 ± 20.23 321.32 ± 18.65 0.064
CPB time (m) 101.17 ± 30.28 106.46 ± 38.75 0.563
Cross clamp time (m) 66.40 ± 24.60 63.21 ± 28.55 0.539
Use of bolus noradrenaline 12.43 ± 6.85 14.43 ± 5.33 0.150
Pump output inotropic support 12 (40.0%) 10 (35.7%) 0.737
Amount of urine during CPB (mL) 718.33 ± 349.00 728.57 ± 395.21 0.956
Amount of blood product use (units) 0.60 ± 1.04 0.54 ± 0.88 0.992
Number of defibrillations 0.10 ± 0.31 0.18 ± 0.48 0.591
TIVA, Total intravenous anesthesia; CABG, Coronary artery bypass grafting; AVR, Aortic valve replacement; MVR, mitral
valve replacement; CPB, Cardio pulmonary bypass; m, minute.

Table 4. Comparison of postoperative variables of the groups.
Group Sevoflurane (n = 30) Group TIVA (n = 28) p

Time to extubation (h) 4.69 ± 1.48 5.76 ± 2.02 0.029
Amount of drainage (mL) 605.33 ± 305.23 547.86 ± 189.78 0.731
Postoperative blood product Usage amount (units) 0.70 ± 1.34 0.71 ± 1.12 0.522
Stay in intensive care (d) 2.87 ± 1.04 2.93 ± 0.54 0.483
After extubation VAS 2.46 ± 1.40 2.39 ± 1.44 0.845
24th hour VAS 3.43 ± 1.67 3.28 ± 1.82 0.759
TIVA, Total intravenous anesthesia; VAS, Visual analog scale.

Two meta-analyses comparing volatile anesthetic
agents with TIVA in open heart surgery have indicated no
relationship between the choice of anesthesia management
and time to postoperative tracheal extubation [5,21]. In
contrast, a prospective randomized study making a compar-
ison between desflurane inhalation anesthesia and TIVA re-
ported that the time to tracheal extubation was shorter in pa-
tients receiving desflurane inhalation anesthesia compared
to the TIVA group. However, in that study, the time to ex-
tubation was over 8 hours in both groups [3]. Yildirim et al.
[8] investigated the effect of sevoflurane use during CPB on
postoperative cardiac performance and presented the dura-
tion of mechanical ventilation as an outcome. However, un-
like our study, this study underlined that the use of sevoflu-
rane did not provide a significant change in the duration of
mechanical ventilation [8].

In our study, whose secondary aim was to investi-
gate the impact of sevoflurane inhalation anesthesia ver-
sus TIVA on the time of tracheal extubation in open heart
surgery, the time to tracheal extubation was found to be sta-
tistically significantly shorter in patients in the Sevoflurane
group. However, the time to extubation was below 8 hours
in both groups [3]. We interpreted these results to suggest
that sevoflurane inhalation anesthesia, similar to desflurane,
may reduce tracheal extubation time compared to TIVA.
We attribute the shortened tracheal extubation times in our

study with sevoflurane compared to the desflurane study
to the fact that all extubation procedures were performed
by the same team following the same criteria. Similar to
our study, the literature emphasizes that tracheal extubation
time can be shortened with a specified extubation protocol
[22,23].

Acute kidney injury is one of the major complications
that affect mortality and morbidity after open heart surgery.
There are several contributing factors to the development of
AKI after open heart surgery [24,25]. However, the most
crucial point to be considered for protecting patients from
developing AKI is to ensure continuous adequate renal per-
fusion at every stage of the operation. Maintaining continu-
ous renal perfusion is achieved with stable hemodynamics.
The incidence rate of acute renal injury after acute heart
surgery ranges from 1% to 30% [24]. There are two sepa-
rate studies conducted on AKI following open heart surgery
in the period before the initiation of sevoflurane use during
CPB in our clinic. In these studies, the incidence rates of
AKI after open heart surgery in our clinic were reported to
be 7% and 8.2%, respectively [24,25]. LVEF, CPB dura-
tion, aortic cross-clamp duration, and the amount of blood
product used are all contributing factors that play a role in
the development of AKI following open heart surgery [24–
26].
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Table 5. Comparison of kidney functions of the groups on the 3rd postoperative day.
Group Sevoflurane (n = 30) Gruop TIVA (n = 28) p

AKI
– 27 (90.0%) 28 (100.0%)

0.323
+ 3 (10.0%) 0 (0.0%)

Preoperative creatinine (mg/dL) 0.94 ± 0.25 0.99 ± 0.21 0.398
The 3rd postoperative day creatine (mg/dL) 0.98 ± 0.45 0.88 ± 0.20 0.676
TIVA, Total intravenous anesthesia; AKI, Acute kidney injury. – and +: Absence and presence of AKI.

In our study, there was no statistically significant
difference between sevoflurane inhalation anesthesia and
TIVA regarding the incidence of AKI. AKI was observed
in 3 patients (10%) in the Sevoflurane group. However,
no patient in the TIVA group experienced AKI. We inter-
preted this result as indicating that inhalation anesthesia
with sevoflurane in open heart surgery cannot be considered
a risk factor for increasing the incidence of postoperative
AKI. We believe this result may be attributed to sevoflu-
rane having similar hemodynamic effects to TIVA.

Our study and conducting similar studies in cardiovas-
cular surgery have some limitations that must be acknowl-
edged. The most important limitations of our study are that
it was conducted retrospectively and in a single center, in a
limited number of patients. Due to the nature of retrospec-
tive studies, there may be concerns about the reliability of
the data. However, we believe that this situation was not
found in our study. Because all the data in our study are
perioperative follow-up data that are not open to interpre-
tation and are standard in all cardiovascular surgery anes-
thesia follow-up forms, nursing follow-up forms and perfu-
sionist follow-up forms. However, we could not use neu-
rocognitive tests in our study, which are difficult to evaluate
retrospectively and are not included in standard follow-up
forms. Although comparison of neurocognitive functions
was not the aim of our study, this is another limitation of our
study. The first limitation is that BIS monitoring was per-
formed only during the intraoperative period and not contin-
ued until extubation in the intensive care unit. However, we
believe that the standardization of extubation criteria and
the performance of extubation by the same team may mit-
igate the negative impact of this limitation on the results.
Another limitation of the study is the lack of monitoring
of patients’ opioid requirements due to the absence of the
necessary equipment for tracking the depth of anesthesia.
Despite this limitation, we believe that appropriate doses of
opioids were administered to patients in both groups. Be-
cause none of our patients experienced opioid-induced hy-
peralgesia, which is associated with excessive opioid use,
and the measured VAS scores were low in both groups [27].
We believe that the administration of repeated doses of lido-
caine and magnesium sulfate as antiarrhythmics and mem-
brane stabilizers during open heart surgery may have con-
tributed to the low VAS scores.

Conclusion

Inhalation anesthesia with sevoflurane during open
heart surgery shows similarities with TIVA in terms of
BIS values, the incidence rate of AKI, and postoperative
VAS scores. Nevertheless, sevoflurane inhalation anes-
thesia provides shorter tracheal extubation time compared
to TIVA. Considering these positive outcomes, we believe
that sevoflurane inhalation anesthesia can achieve adequate
depth of anesthesia during the intraoperative period in open
heart surgery without increasing the rate of postoperative
complications.
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